To understand how genotype influences fat patterning and obesity, we conducted an autosomal genome scan using male and female F 2 hybrids between the C57BL/6ByJ and 129P3/J parental mouse strains. Mice were studied in middle-adulthood and were fed a low-energy, low-fat diet during their lifetime. We measured the weight of the retroperitoneal adipose depot (near the kidney) and the gonadal adipose depot (near the epididymis in males and ovaries in females). An important feature of the analysis was the comparison of linkage results for absolute adipose depot weight and depot weight adjusted for body size, i.e., relative weight. We detected 67 suggestive linkages for six phenotypes, which fell into one of three categories: those specific to absolute but not relative depot weight (Chr 5, 11, and 14), those specific to relative but not absolute depot weight (Chr 9, 15, and 16), and those involving both (Chr 2 and 7). Some quantitative trait loci (QTLs) affected one adipose depot more than another: Retroperitoneal depot weight was linked to Chr 8, 11, 12, and 17, but the linkage effects for the gonadal depot were stronger for Chr 5, 7, and 9. Several linkages were specific to sex; for instance, the absolute weight of gonadal fat was linked to Chromosome 7 in male (LOD = 3.4) but not female mice (LOD = 0.2). Refining obesity as a phenotype may uncover clues about gene function that will assist in positional cloning efforts.
Introduction
Although mice have served as models of human obesity since the 1920s (Danforth 1927) , the placement of fat and the weight of depots have not received the same attention as has the morphology of other organs, e.g., bones or heart. Textbooks about the use of the mouse as a model organism contain anatomic descriptions of other organs, but there is little mention of specific adipose depots (Berry 1981; Gruneberg 1943 ; Iwaki et al. 2001 ). However, inbred strain surveys demonstrate that adipose depot weight can vary up to fourfold among normal mice (Festing 1979) . Several lines of evidence suggest there are genetic influences on the distribution of fat among individual depots. For example, selective breeding of mice changes the weight of one adipose depot with little effect on overall body fatness (Allen and McCarthy 1980) , and mice with genetically engineered alleles of specific genes have an unusual fat distribution pattern relative to control mice (Tsai et al. 2004) .
Differences among individual fat depots are biologically and clinically significant. Certain genes are expressed in some adipose depots but not in others (Fukuhara et al. 2005 ; Gesta et al. 2006 ; Ramis et al. 2002) , and these profiles are probably explained in part by the depot-specific functions of adipocytes or other cell types. For instance, adipose depots containing lymph nodes contribute fatty acids to fuel the neighboring immune cells when animals are fighting infection (Pond 2003) . Likewise, some adipose depots provide a cushion for bones or organs and are resistant to depletion during starvation compared with other depots, which are mobilized for energy first when food is scarce (Pond 1998) . In mice, the retroperitoneal adipose depot increases in response to an energy-dense diet less than does the gonadal depot (Bachmanov et al. 2001 ). Taken together, genetic and physiologic studies suggest that adipose depots differ in weight and function and that individual differences in adipose depot weight are at least partly due to genotype (Allen and McCarthy 1980; Eisen and Coffey 1990; Festing 1979; West et al. 1994 ).
The goal of this work was to understand the genetic architecture of individual adipose depots in the mouse and to identify the genomic regions that contribute to individual variation in these traits. To this end, we assessed the heritability and conducted a genome scan for different adipose depots (gonadal and retroperitoneal) in a cross between the C57BL/6ByJ and 129P3/J inbred strains, building on our previous work with these mice (Bachmanov et al. 2001 ; Reed et al. 2003) . Mice were studied when they were about midway through their natural life and were fed a relatively low-fat, low-energy diet. Since adipose depot weight and location differ between male and female mice, we analyzed the data separately by sex, in addition to the combined sample. Adipose depot weight is related to body size, so we compared two sets of linkage results, absolute adipose depot weight and adipose depot weight adjusted for (or relative to) body size. Previous studies have shown that this approach distinguishes loci that affect fatness from those that affect overall size (Stylianou et al. 2006 ).
Method
Mice. C57BL/6ByJ (B6) and 129P3/J (129) inbred mice were obtained from the Jackson Laboratory (Bar Harbor, ME). The B6 · 129 F 1 and F 2 hybrids were bred at the Monell Chemical Senses Center. The mice were housed in a temperature-controlled vivarium at 23°C on a 12:12-h light:dark cycle and had free access to water and pelleted Teklad Rodent Diet 8604 (4.4% fat). All protocols were reviewed and approved by the Institutional Animal Care and Use Committee of the Monell Chemical Senses Center. F 2 pups were weaned at 21À30 days of age and reared in same-sex groups. A total of 457 F 2 mice (228 female and 229 male) were bred from three types of reciprocal crosses:
Parental mice (ten of each strain and sex) were bred and tested simultaneously. As a part of another experiment, all mice were tested to determine their preferences for taste solutions. Results of the behavioral experiments are reported elsewhere (Bachmanov et al. 2002) .
Adipose depot dissection. The retroperitoneal and gonadal depots were dissected and weighed in euthanized mice when they were 8-9 months old. The retroperitoneal depot included adipose tissue from the perirenal capsule as well as adipose tissue that attached to the dorsal body wall near the kidneys. The adrenal glands were removed from the tissue in cases where they were embedded in the adipose kidney capsule. The retroperitoneal fat also contains the renal artery and the ureter; no attempt was made to isolate and discard these structures. Gonadal fat in male mice was defined by the proximity to the epididymis and vesicular gland. For female mice, gonadal fat was defined as that which clung to the ovaries and uterus. Although the epididymal (male) and parametrial (female) depots are categorized with a single label (gonadal), these depots are different in structure and possibly differ in function. Adipose tissue associated with the omental membrane, ileum, jejunum, or duodenum was not removed. Variables measured were the weight of the right and left retroperitoneal and gonadal adipose depot (four depots total, weighed individually to the nearest 0.01 g), body weight (to the nearest 0.1 g), and body length (base of the lower incisors to anus, distance to the nearest 1 mm).
Phenotype analysis. Parental strain differences were evaluated by analysis of variance (ANOVA) using strain and sex as factors. In the F 2 generation, sex differences were evaluated by t test, and the homogeneity of variances was assessed using the Levene test. Correlations among phenotypes in the F 2 generation were assessed (Excel, Microsoft Corp., Redmond, WA) and tested to determine (1) whether the correlation coefficient was significantly different from zero and (2) differed between female and male mice, using previously described methods (Edwards 1973 ). We used a more stringent p-value criterion than usual (p < 0.01) to control for the effects of multiple testing.
The traits used in the linkage analysis were the weight of the left and right retroperitoneal depot combined, the weight of the left and right gonadal depot combined, and the sum of both depots. Adipose depot weight correlates with litter size, individual age, body weight, and body length. We have calculated two sets of fat-depot weight indexes: (1) absolute values unadjusted for body size and (2) relative values adjusted for body size (bs). The absolute values were calculated as residuals after linear regression analysis with age and litter size as covariates. The relative values were calculated as residuals after linear regression analysis with age, litter size, body weight, and body length as covariates. These residuals were calculated in males and females separately using the data from all F 2 mice. To correct for sex differences, the residual values were standardized to a mean of 0 and a standard deviation of 1 within each sex and then were combined. The multiple regression method offers several advantages over ratio methods (e.g., fat weight/body weight) because it allows adjustment for more than one variable (e.g., age and litter size), is less likely to generate spurious correlations among traits, and leads to more accurate assessment of QTL effects (Lang et al. 2005 ). Linear regression analyses were conducted using Statistica (StatSoft, Tulsa, OK).
Heritability computation. To determine whether the weights of individual adipose depots were heritable in this experimental population and thus suitable for linkage analysis, we computed the degree of genetic determination (Falconer 1989 ), i.e., broad-sense heritability. This value was estimated based on variances in the parental strains and the F 2 generation, and the data were adjusted as described above (absolute and relative to body size), using parental strain data, as well as data from the F 2 generation. The environmental (nongenetic) variance was calculated as an average between the trait (total) variances for the two parental strains: VAR E = ½(VAR B6 + VAR 129 ). The genetic variance was calculated as a difference between the phenotypic variance of the F 2 generation and the environmental variance: VAR G = VAR F2 À VAR E . The heritability estimate was calculated as a percentage of the genetic variance from the trait variance of F 2 : h 2 = VAR G /VAR F2 · 100 (Wright 1968 ). Because it is not known whether adipose depot heritability in these strains differs by sex, and because one adipose depot is associated with the gonads and thus anatomic differences might be relevant to its weight, we considered male and female mice separately in the analysis. We computed heritability for the adipose depot traits and for the benchmarks of body weight and body length.
DNA extraction and genotyping. Genomic DNA was purified from mouse tails either by phenol/chloroform extraction and precipitation with ethanol (Hogan et al. 1986) or by a sodium hydroxide method (Truett et al. 2000) . One hundred thirtynine markers were selected to span the autosomes. The average distance between markers was 9.6 cM, with no gaps greater than 30 cM (Table 1) . Microsatellite markers were amplified by polymerase chain reaction (PCR) with primers purchased from Invitrogen (Carlsbad, CA) or Research Genetics (Huntsville, AL), with a protocol modified slightly from that of Dietrich et al. (1992) . The denatured PCR products were separated by electrophoresis on a 6% polyacrylamide, 8.3 M urea sequencing gel, and the polymorphisms were visualized by autoradiography. Some genotyping was conducted by the Australian Genome Research Facility (Melbourne, Australia) using fluorescently labeled primers. For assessing single nucleotide polymorphisms (SNPs) (rs3705780 and rs3719256), we used fluorescently labeled primers and probes (Assay-by-Design, Applied Biosystems, Foster City, CA), as follows: Genomic DNA (5 ng/ll concentration, 4 ll/well) was transferred to a PCR 96-well optical reaction plate, and each well was supplemented with TaqMan assay reagents and Universal PCR Master Mixä to a final volume of 5À50 ll. The PCR product was heated to 50°C for 2 min and 95°C for 10 min, and then 40 amplification cycles were conducted at 95°C for 15 sec and 60°C for 60 sec. DNA amplification was performed in an ABI PRISM 7000 Sequence Detection System; the genotypes were determined by performing allelic discrimination. Genotyping was checked in some cases by DNA sequencing and in other cases by determining whether genotypes were compatible with the pre-existing haplotype. Suspicious genotypes, such as those that created double recombinants, were assayed again as needed.
We also used the genotypes associated with coat and eye color as markers in the linkage analysis. In addition to the markers genotyped through PCR, several dominant coat and eye color markers were inferred from the appearance of the mice: agouti (A) on Chromosome 2 and tyrosinase (Tyr, formerly albino) and pink-eyed dilution (P) on Chromosome 7. The B6 mice have black eyes and fur determined by genotypes a/a, Tyr/Tyr, and P/P. ; agouti alleles could not be determined in these mice and were scored as unknown. The other variants were white-bellied agouti coat and black eyes (A w /-, Tyr/-, P/-), black coat and black eyes (a/a, Tyr/-, P/-), yellow coat and pink eyes (A w /-, Tyr/-, p/p), blue-gray coat and pink eyes (a/a, Tyr/-, p/p), chinchilla coat and black eyes (A w /-, Tyr c-ch /Tyr c-ch , P/-and A w /-, Tyr c-ch /Tyr c , P/-), and chocolate coat and black eyes (a/a, Tyr c-ch /Tyr c-ch , P/-) (Silvers 1979 ). For each coat and eye color marker, two genotypes could be distinguished: a homozygous genotype for a recessive allele (nonagouti for the B6 strain and albino and pink-eyed dilution for the 129 strain), and a heterozygous or homozygous genotype for a dominant allele. These alleles were coded by a trained observer, and the genotype was used in the linkage analysis.
Linkage analysis. Linkage maps were created using the computer program MAPMAKER/EXP. Trait analysis was undertaken using MAPMAKER/ QTL (Lander et al. 1987) as follows: A genome scan was conducted on a randomly selected subset of mice (n = 164, 86 female and 78 male) using markers from all autosomes and the weight of the two adipose depots separately and the sum of two adipose depots (absolute and relative weight, for a total of six traits). In all linkage analyses, the traits were adjusted for age and litter size through multiple regression as described above, using all F 2 mice that were bred and phenotyped. Thresholds for suggestive and significant linkage were used as described previously (Lander and Kruglyak 1995) . To define a region of linkage, a confidence interval for each locus was computed. To minimize spurious results, we report the logarithm of the odds (LOD) score at individual markers. The percentage of variance accounted for is also reported at the marker nearest the maximal LOD score, and the direction of dominance is expressed relative to the behavior of the 129 allele; so, for instance, if either one or two copies of the 129 allele reduced the trait to the same extent, the mode of inheritance would be dominant. A separate category was used to identify which allele was associated with higher absolute trait values, referred to as the ''plus'' allele. In the case above, the 129 allele is dominant but the B6 allele is the ''plus'' allele.
Where there was suggestive evidence for linkage, interactions among marker pairs were examined by two-way ANOVA, with marker genotypes as factors to estimate the contribution of epistasis. In a final and separate analysis, the percent of trait variance explained by all linked loci combined was determined using MAPMAKER/QTL under the unconstrained model.
Sex-dependent linkage analysis and epistasis. Male and female mice were included in the genome scan. Then the linkage analyses were conducted separately for males and females, using a suggestive or significant linkage in one sex and at least a 1-LOD difference, within the confidence interval, for the other sex as a criterion for sexdependent linkage (Reed et al. 2003) . Linkage results from the sex chromosomes (XY) will be the subject of a separate publication.
Results

Measurement of mice.
A total of 457 F 2 and 40 parental mice were bred, but several died before dissection. The final numbers of mice, strain, and sex-specific means and standard deviations are shown in Table 2 . The parental strains differed by strain and sex for all the traits studied. For the F 2 generation, the average weight for female mice was 29 g, and that for male mice was 39 g. Male F 2 mice were longer than female mice by about 5 mm. The weight of the gonadal depot was, on average, about 1.26 g in F 2 male mice, which was significantly higher than that in F 2 female mice (0.82 g). Likewise, the retroperitoneal adipose depot was approximately twice the weight in male compared with female F 2 mice. Among Adipose depot and body size are correlated. Measures of adipose depot weight, body length, and body weight were moderately or strongly correlated. These relationships were present for both female and male mice, but with differences in the strength of the relationship (Table 3) . In both sexes, the correlation coefficients between body weight and body length were similar, near 0.50, and body length was also related to adipose depot weight, although to a lesser degree (r = $ 0.30). However, body weight and adipose depot weight were more strongly correlated in female mice than in male mice (Table 3) . We also found that the weights of each adipose depot were correlated with each other but not perfectly so Parental strain (C57BL/6ByJ) n = 9 n = 10 Age at sacrifice (months) 7.4 ± 0.9 7.9 ± 0.9 Retroperitoneal adipose depot (g) ( Fig. 1, Table 3 ). For both male and female mice, the gonadal adipose depot had a stronger correlation with body weight than did the retroperitoneal adipose depot (Table 3) . Because the weight of adipose depots is related to both body weight and body length, we sought to obtain a relative measure of adipose depot weight that was independent of overall body size. We conducted three general multiple regression analyses to determine the optimal adjustment measures: We adjusted the retroperitoneal or gonadal adipose depot weight by body weight, by body length, and by both body length and body weight. The adjustment that showed the least dependence on body size included both body length and body weight as covariates (Fig. 1, lower left and right panels) . Although body length did not contribute significantly to fat depot weight after regression for body weight, it is included in the adjustment procedure to remove its residual effects. Consequently, we used fat depot weight adjusted for both body weight and body length in subsequent analyses.
Heritability. Heritability estimates differed between male and female mice, between the two depots, and between unadjusted or adjusted depot weight (Table 4 ). There were several patterns: First, heritability was always higher in females regardless of the depot or whether the weight of the depot was relative or absolute. Another consistent pattern in 
Standardized residual for adipose depots
Body length, cm Body weight, g Adipose depot weight of F 2 , mice expressed as standardized residuals after multiple regression analysis using age and litter size as convariates, is plotted against body length or body weight. Linear regressions between body length or body weight and adipose depot weight are shown as lines, and individual data points are shown as black circles (retroperitoneal) or gray triangles (gonadal). Body weight positively correlates with both the weight of the retroperitoneal adipose depot (r value differs from 0.0; p = 1.9 · 10 )7 ) and the weight of the gonadal depot (p = 1.3 · 10 )5 ). Body length is related to the weight of the retroperitoneal depot but these relationships are not statistically significant (RP, p = 0.22; GON, p = 0.12). Correction for both body weight and body length removes all effects of body size on adipose depot weights (all final r values are 0.0). the data was that heritability estimates declined, at least slightly, after adjustment for body size. The final pattern observed is that the relative weight of the gonadal depot was more heritable than the relative weight of the retroperitoneal depot for males, but the reverse was true for females. The most extreme example of sex-by-depot interactions occurred when male and female mice were compared for the absolute weight of the retroperitoneal depot: For female mice, it was nearly 95% determined by genotype, whereas in male mice, genotype accounted for less than 5% of the variation.
Linkages. The results of the genome scan for loci associated with the weight of the retroperitoneal and gonadal depots are shown in Figure 2 and summarized in Table 5 . Twelve of 19 autosomes harbored at least one suggestive locus for adipose depot weight, confirming that these traits are polygenic. Three types of results were found: (1) suggestive evidence only for absolute adipose depot weight (linkages to Chr 5, 11, 14, and 17); (2) suggestive linkage only for relative adipose depot weight (Chr 8, 9, 15, and 16); and (3) suggestive linkages for both (Chr 2, 7, and 12). For 8 of the 12 linkages, the B6 allele was increasing adipose depot weight, which recapitulates the direction of the parental differences (B6 mice have larger depots than 129 mice). For Chr 5, 8, and 9, there was the opposite effect, with the 129 allele increasing adipose depot weight. In some cases, the linkage was most pronounced for the retroperitoneal depot (e.g., the QTL on Chr 11 or 17), and in other cases, for the gonadal depot (e.g., the QTL on Chr 7 or 9). For each trait, the percentage of variance explained by the combined influence of all suggestive loci is shown in Table 6 . No significant pairwise interactions between markers were detected using two-way ANOVA (p > 0.05).
Sex-specific linkages to adipose depot weights. Because there were large differences between males and females in heritability of the weight of the retroperitoneal depot and, to a lesser extent, the gonadal depot, we determined whether linkage relationships might be sex-dependent. Of the Table 5 and text for other details. 12 chromosomes with evidence for linkage, eight contained loci that were sex-dependent (Chr 2, 7, 10, 11, 12, 14, 15, and 16); of these chromosomes, two harbored only female-dependent loci (Chr 10 and 14) and five chromosomes harbored only male-dependent loci (Chr 7, 11, 12, 15, and 16). Chr 2 had two linkages, one male-dependent and the other femaledependent, which differed in location. The maledependent linkage was more centrally located and the female-dependent linkage was more distally located. Data presented in Table 5 and Figure 3 summarize these sex-dependent effects. Overall, there were three times the number of male-dependent linkages (n = 15) than female-dependent linkages (n = 5). Male-dependent linkages were evenly split between unadjusted and adjusted trait values, whereas female-dependent linkages were found almost exclusively for adjusted adipose depot weights. For male-only and female-only groups, the percent of variance explained when all suggestive loci were considered simultaneously is shown in Table 6 .
Discussion
The results of the genome scan indicated that the weight of adipose depots, like that of other organs, was under polygenic control, and the linkage relationships were dependent upon sex and adipose depot. In this study, the weight of the adipose depots was more heritable in female than in male mice. This sex difference in heritability, as well as linkage relationships by adipose depot, was found in other crosses of mice (Cheverud et al. 2004 ). Despite a very low heritability estimate for the retroperitoneal adipose depot in males, we detected several maledependent linkages for this depot. This low heritability is probably due to high variation in retroperitoneal fat weight in B6 males, which must have inflated nongenetic variance and thus decreased the heritability estimate. Other investigators have also observed a variable fat gain by male B6 mice in response to overfeeding (Burcelin et al. 2002; Koza et al. 2006; Schadt et al. 2003 ). This variable expressivity of fatness present in the inbred B6 background in males appears to be reduced in a mixed genetic background of F 2 mice. The current study differs from a previous analysis of this genetic cross (Reed et al. 2003) because it uses several different analytical approaches. First, we analyzed retroperitoneal and gonadal fat-depot weights separately, as well as the weights combined. Second, we used both absolute and relative depot weights as variables. Third, the traits were adjusted using multiple regression within each sex rather than using sex as a covariate when the group was analyzed as a whole. Adjusting within each sex is advantageous because there are sex-specific relationships between body length, body weight, and adipose depot weight. These new analytical approaches allowed us to detect several new linkages, e.g., to Chromosome 7. One drawback to the sexdependent analysis presented here and in other studies of this type is that it results in a reduction in sample size and statistical power, leading to type II error. Thus, there may be more sex-dependent linkages than were detected here because of a relatively CI = confidence interval; 1-LOD drop from peak; Chr = chromosome; RP = retroperitoneal adipose depot; GON = gonadal adipose depot; bs indicates that the trait was adjusted for body size; cM refers to the location of the peak linkage based on the experimentally derived map, anchoring the first marker of each chromosome to the cM position found in the Mouse Genome Database. Each peak cM position is associated with a confidence interval. To evaluate sex-dependent linkages, the maximum LOD score for both sexes is provided for comparison. See text for other criteria for sex-dependent locus. N/A = not applicable. *Suggestive linkage (LOD threshold = 1.9 for additive, 2.3 for dominant/recessive, and 2.8 for unconstrained models). LOD scores are for the most likely mode of inheritance as computed by MAPMAKER/QTL: free; recessive (rec); dominant (dom); additive (add). The ''plus'' allele is defined as the strain-specific allele associated with higher values of the trait. The % variance is the amount of trait variance accounted for by the QTL as estimated by MAPMAKER/QTL. Male and female-dependent results are not reported unless they meet the criterion for sex-dependent linkage. See text for other details. small sample size in male-only and female-only groups. When linkages for absolute or relative adipose depot weights are compared, they fell into three categories: (1) for absolute depot weight only, (2) for relative depot weight only, and (3) for both relative and absolute weights. In the first case, the relevant locus contributed to adiposity because the mouse was larger (and therefore had more grams of fat) or smaller (and therefore had less grams of fat). In the second case, effects of genes influencing adipose depot weight do not depend on body size. In the third case, genes contribute to both body size and relative adipose depot weight, e.g., leading to larger mice that were relatively fatter. Some of the variability in linkage results from different investigators might be due to differences in how they express adipose depot (or other organ) weights and also may be due to variation in body size in the experimental population. In groups where all mice have similar body size, there is less reason to be concerned about the distinction between relative and absolute adipose depot weights. However, in cases where mouse body size differs, the relative size of the fat depots needs to be considered.
The outcome of all studies of this kind depends on the choice of parental strains, which must be considered when comparing the present results with those from other studies. The most common strain of B6 mice (C57BL/6J) was one of the first strains to be used for obesity-related research and is a standard strain choice for investigators (Collins et al. 2004 ), but we used a slightly different substrain of B6. However, these two B6 substrains are almost identical and probably interchangeable in obesity QTL studies (Bailey 1978; Petkov et al. 2004; Smith et al. 2000) . In contrast, the 129 strains (e.g., 129P3/J, 129X1/SvJ, 129S1/SvImJ) are not as interchangeable because they are more genetically distinct (Simpson et al. 1997 ). The results of a pilot study in our laboratory suggest that mice from different 129 substrains differ in body size and adipose depot weight. Other investigators report 129 substrain differences in spontaneous physical activity (Mouzeyan et al. 2000) . The results of previous obesity linkage studies differ depending on the 129 substrain used (Almind and Kahn 2004; Ishimori et al. 2004 ), and we suspect that the differences among results may be due to the relatively distant genetic relationships among these substrains. Table 5 and text for other details.
Solid lines=absolute weight
Although the large number of suggestive linkages found here precludes a description of each one, several results are worth highlighting. The linkages with the highest LOD score were for the relative and absolute weights of the gonadal and retroperitoneal depots on Chromosome 2. This region is the most widely reported obesity-related QTL, with 24 positive reports of linkage found through query of the Mouse Genome Database (MGD; see Website References) . The large number of linkage reports to Chromosome 2 could be the result of multiple genes that influence body size and fatness, a hypothesis supported by studies using congenic lines of mice Jerez-Timaure et al. 2004 ) and the observation (here) that there appear to be two distinct linkages, one for the retroperitoneal adipose depot near the middle of the chromosome, and the other for the gonadal depot, located more distally. The chromosome with the next largest number of obesity-related QTL reports was Chromosome 7 (16 results from the MGD) which was also detected in this cross. A candidate gene (Atp10c) has been found (Dhar et al. 2000 ) that maps near the peak LOD score reported here. As was the case with Chromosome 2, however, there may be multiple linked loci on chromosome 7 . Both of these linkages (Chr 2 and 7) are near coat color markers, agouti (A), in the case of Chromosome 2, and pink-eye dilution (P) and albino (Tyr) in the case of Chromosome 7, however suggesting that these genes are candidates for adipose depot weight is premature. Another area of linkage was on Chromosome 9. There have been 13 QTLs linked to obesity for this chromosome, and it is the focus of the fine-mapping work reported in the companion article in this issue (McDaniel et al. 2006 ). Chromosome 9 was chosen for further study because of the strength of the linkage results and because of the lack of prior fine-mapping and positional cloning attempts. Pursuing the gene(s) on Chromosome 9 that contribute to differences among strains in obesity is therefore likely to uncover novel results. Other linkages found in this report are novel, especially a linkage for the size of the retroperitoneal depot to Chromosome 12, which is an example of a linkage that would have been missed if depots were pooled rather than analyzed individually.
Mouse models of human obesity vary in what aspects they are intended to represent. Most studies focus on younger mice to reduce the time invested in each experiment and the costs of housing the mice. This study is unusual because these mice are older, almost middle-aged by human standards. Because they were fed a standard rodent chow (containing 4.4% fat) throughout life, those mice that become the fattest could therefore be considered cases of spontaneous rather than diet-induced obesity. Therefore, this current model represents middle-age obesity not exacerbated by a high-calorie, palatable, or high-fat diet. These mouse strains could also be used to study dietary obesity because the parental strains differ markedly in adiposity when offered a high-fat supplement to the diet (Bachmanov et al. 2001 ), and they differ in the sensory and metabolic responses to both high-sugar and high-fat foods and drinks (Bachmanov et al. 1996 (Bachmanov et al. , 2001 ; Lewis et al. 2005 Lewis et al. , 2006 Sclafani and Glendinning 2005) . Identifying genes and alleles that contribute to mouse strain differences in adipose depot weight, specifically through the use of consomic and congenic mice as a part of a positional cloning strategy, will be of future benefit in the study of human obesity, which shares similar features.
